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ABSTRACT 

Benzodiazepine agonists in combination with opioid analgesics 
are commonly used for combined analgesia and sedation in intensive 
care patients as well as for anesthesia. In animals, studies indicate 
either agonistic or antagonistic interactions of benzodiazepine ago-
nists and opioids. This retrospective study of 43 patients evaluated 
the possible clinical relevance of benzodiazepine-opioid interactions 
related to pain management. We observed an increase of > 50% of 
the maximal sufentanil infusion rate in significantly more patients in 
group 2 (13 patients vs 6 patients; χ2: ρ = 0.04) and a decrease of the 
sufentanil infusion rate in eight group 1 patients, but only in one 
patient in group 2 (χ2: ρ = 0.03). We believe that an interaction 
between midazolam and sufentanil on nociceptive transmission 
and/or a rapid development of tolerance to sufentanil may be respon-
sible for the observed difference. Contrary to the common clinical 
impression that midazolam potentiates opioid analgesia, these 
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results indicate that systemic co-administration of midazolam over a 
period of more than three days can diminish sufentanil efficacy. 

KEYWORDS 

sufentanil, benzodiazepines, interaction, intensive care unit, toler-
ance 

INTRODUCTION 

The clinical use of benzodiazepine agonists in combination with 
opioid analgesics for postoperative pain control has gained wide 
acceptance among anesthesiologists. Benzodiazepine agonists in-
duce sedation, reduce anxiety and provide useful amnesia for un-
pleasant and painful procedures /I/. The antinociceptive effect of 
morphine given systemically to rats is diminished after intra-
cerebroventricular administration of diazepam or midazolam using 
the tail flick test as the endpoint 111. Conversely the administration 
of morphine and a small dose of midazolam intrathecally produced 
greater antinociception than the administration of morphine alone 
13, 4/. After systemic administration of both drugs in laboratory 
animals, either an increase 15/ or a decrease /6/ in opioid analgesia 
has been reported. However, Abbott and Franklin observed that 
diazepam given systemically antagonizes morphine analgesia in the 
formalin test but has no effect in the tail flick test /7/. The aim of this 
retrospective study was to evaluate the possible clinical relevance of 
benzodiazepine-opioid interactions related to pain management. 

METHODS 

We analyzed results from 43 intensive care patients with major 
trauma, who required mechanical ventilation. Twenty two (group 1: 
age = 35.4± 14.3 years; body weight = 77.9±16.1 kg) received infu-
sions of sufentanil alone. In the other 21 patients (group 2: 
age = 31.0± 12.3 years; body weight = 71.9±9.6 kg), this regimen was 
supplemented by a midazolam infusion (0.07 mg/kg/h). 

The initial dose of sufentanil was 1 /zg/kg/h in both groups; in 
group 2 midazolam was administered at different timepoints 
(39.1 ± 18.0 hours) after initiation of the sufentanil infusion. During 
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the period of ventilation, patients received parenteral nutrition and 
various other drugs, including muscle relaxants, heparin, Cimetidine, 
hydrocortisone, dopamine and dobutamine. All changes of the 
sufentanil infusion rate were made when the patient showed more 
than two of the following signs: tachycardia > 20% from the baseline, 
hypertonia > 20% from baseline, vegetative symptoms, movements 
of the body, respiratory problems or the patient fought against the 
respirator. When treating with increased sufentanil infusion rate, if 
the desired effect was not reached, the sufentanil infusion was sup-
plemented with a midazolam infusion. 

Comparisons between the groups were carried out with the 
Wilcoxon signed rank test. Percent change of sufentanil infusion rate 
data were analyzed by Yates corrected χ" for 2x2 contingency tables. 
For within-group analyses linear correlation coefficients and regres-
sion equations were used. Significance was accepted at ρ <0.05. All 
data of group 2 are for the time period beginning with the first 
midazolam administration. During the time before midazolam ad-
ministration, there were no significant differences with respect to 
initial sufentanil infusion rate (group 1: 1.17±0.4 ^g/kg/h; group 2: 
0.94 ±0.3 /ig/kg/h) and maximum absolute change of sufentanil 
infusion rate (group 1: within the first three days 1.56±0.9 ,ug/kg/h; 
group 2: 1.57±0.7 /ig/kg/h), or liver function and renal function 
between group 1 and group 2 patients (results not shown). 

RESULTS 

As shown in Figure 1, more sufentanil-treated patients receiving 
midazolam (group 2) required an increase of opioid infusion rate, 
compared to patients receiving sufentanil alone. We observed an 
increase of > 50% of the maximal sufentanil infusion rate in signifi-
cantly more patients in group 2 (13 patients vs 6 patients;^2: ρ = 0.04). 
It was possible to decrease the sufentanil infusion rate in eight group 
1 patients, but only in one patient in group 2 (χ2: ρ = 0.03). 

We observed a significant correlation between percent maximum 
change of sufentanil infusion rate and the duration of midazolam 
infusion (Table 1). We found no significant correlation between 
percent maximum change of sufentanil infusion rate and the duration 
of sufentanil infusion, injury severity score, liver function or renal 
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function within either group of patients, although there were signifi-
cant differences between the groups for several of these parameters. 

DISCUSSION 

Since variations in injury severity, liver function and renal func-
tion, or duration of opioid infusion do not appear to be responsible 
for our findings, possible explanations for the higher sufentanil infu-
sion rates required in group 2 patients might be the following: 

1. interaction between benzodiazepine and opioid; 
2. opioid tolerance and/or benzodiazepine tolerance; 
3. interaction of midazolam or sufentanil with other drugs 

administered, e.g. antibiotics; 
4. attitudes of the staff; 
5. inappropriate selection of drugs by attending staff; 
6. neurological status (> 90% head injury in either group 1 or 

group 2); 
7. metabolic status (parenteral nutrition). 

We believe that an interaction between midazolam and sufentanil 
on nociceptive transmission (point 1 above) may be responsible for 
the observed difference. As noted above, various results in animal 
studies indicate a pharmacological interaction between opioids and 
benzodiazepines that can either increase or decrease opioid analge-
sia /2-7/. Previous clinical observations /8/ and our own findings 
indicate that benzodiazepine-opioid interactions following systemic 
administration of the drugs can have important clinical conse-
quences, namely diminished pain control. Contrary to the common 
clinical impression that midazolam potentiates opioid analgesia, we 
found evidence to indicate that systemic co-administration of 
midazolam over a period of more than three days can diminish 
sufentanil efficacy. 

In intensive care situations a benzodiazepine-opioid interaction 
may cause either a rapid development of tolerance to sufentanil 
(point 2 above) or an apparent tolerance because of the high doses 
of opioids used. This can also mean that, after stopping the 
benzodiazepine infusion, excessive systemic opioid concentrations 
remain. This may lead to a longer weaning phase due to prolonged 
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respiratory depression, to more severe withdrawal reactions, and to 
a longer recovery period. 

On the other hand the combination of benzodiazepine agonists 
and opioids may be beneficial especially in the weaning phase, be-
cause benzodiazepines can mask several side effects of opioids, e.g. 
nausea, vomiting, feeling of sickness 191, although midazolam does 
not appear to have antiemetic properties by itself /1/. It is quite 
possible that benzodiazepines may be used to best clinical advantage 
by non-systemic routes of administration, e.g. epidural injection. In 
reliable animal studies intrathecal benzodiazepines — in contrast to 
systemic benzodiazepines — are able to produce antinociception, 
presumably by activating benzodiazepine receptors in the spinal cord 
/10, 11/. Consideration of these reports leads us to suggest that 
midazolam may be usefully employed epidurally to increase systemic 
opioid analgesia in clinical pain management. 
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